
Not only the bone marrow and spleen, but also the l iver,  an organ with a cell  composit ion in newborn ra t s  
s imi lar  to that of the bone mar row [4], also reac ted  to hormone administrat ion.  Under the influence of the hor -  
mones the number of nucleated cells  in the liver was reduced,  possibly ref lect ing the decline of hematopoiesis  
in that organ~ 

An external factor  such as hormones thus caused accelera t ion of functional maturat ion of the blood sys -  
tem, in the form of activation of bone mar row function and inhibition of hematopoiesis  in the  l iver.  

The responses  observed point to the ability of the fetal hematopoietic apparatus to reac t  to an external 
environmental  factor such as sex hormones .  
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S Y N T H E S I S  AN D L O C A L I Z A T I O N  OF o ~ - F E T O P R O T E I N  

D U R I N G  R E G E N E R A T I O N  OF T H E  L I V E R  IN M I C E  
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The main site of localization of a-fe toprotein  (aYP) in mouse l iver regenerat ing after CC14 
poisoning or partial hepatectomy was in the typical mature hepatocytes that account for not more  
than a few per cent of the total number of residual  hepatocytes.  Morphologically they were in- 
distinguishable f rom the main mass  of hepatocytes and they retained on their  surface bile capil-  
lary antigen. The change in their  number and in the brightness of their  f luorescence in l iver 
sections corresponded to the dynamics of the ~FP level in the animals '  serum. During r e g e n e r -  
ation of the liver in mice aFP  is evidently produced mainly by mature  hepatocytes.  
KEY WORDS: a-fetoprotein;  localization in sections; immunofluorescence;  hepatocytes;  r egene r -  
ation of the l iver.  

The appearance of the embryo-spec i f ic  protein known as a- fe toprote in  (aFP) in adult mice after partial  
hepatectomy was described by Abelev et el. [1]. In mice and ra t s  a f te r  hepatectomy or CC14 poisoning the blood 
aFP level as a rule r i ses  sharply on the second day, reaches  a maximum on the third to fourth day, and then 
falls by the seventh to tenth day to its original values [1, 2, 4, 8]. The nature of the cells which synthesize aFP  
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TABLE 1. ~FP in Serum and Liver  Sections of Mice Poisoned with CCla Vapor 

T ime  (in hours)  
a f te r  poisoning 

0 
18 

24 

30 

42 

48 

72 

96 

120 

144 
192 

Number  of 
mice  

20 
6 

16 

Serum (~FP 
concent ra t ion* ,  

# g / m l  

0.4 
(0.1-0.9) 

1.2 
(0.6-2.6) 

1.2 
(0.3-3.2) 

3.5 
(0.8-6.7) 

19.3 
(10-29) 

72 
(2.8.190) 

180 
(35-350 

120 
(20-325) 

5O 
(15-90) 

20 
0.5 

Immunof luorescence  p ic ture  
in sect ions 

No a F P  found 

Centrolobular  necrot ic  loci p resen t ;  
damaged hepatocytes  do not ye t  
contain ~/-globulin; no ce l l s  with 
a F P  found 

Extensive cent ro lobular  necrot ic  loci  
with br ight  f luorescence  of ~/-glo- 
bulin; two hepatocytes  with a F P  
were  found on boundary with n e c r o t -  
ic loci in a mouse whose s e r u m  
contained ~FP in concentra t ion of 
1.6 p g/,.n! 

Extensive a r e a s  of nec ros i s  bounded 
by a few pale hepatocytes  with (~FP 

Extensive  a r e a s  of nec ros i s ;  number  
and intensity of f luorescence  of 
hepatocytes  with ~FP inc reased  

Area  of necrot ic  foci reduced;  num-  
ber  and intensity of f luorescence  
of hepatocytes  with ~ F P  

Maximal  number  and intensiy of f lu-  
o r e s c e n c e  of hepatoxytes  with ~ F P  

Number  of hepatocytes  with (~FP ap-  
p rec iab ly  reduced;  necrot ic  foci 
have d i sappeared  

Hepatocytes  with ~FP r e m a i n  in not 
all  mice ;  weak f luorescence  of 
epi thel ium of bile ducts and br ight ,  
of so l i t a ry  smal l  cel ls  

No ce l l s  with ~FP found 
No ce l l s  with (~FP found 

*Serum ~FP concentra t ion  de te rmined  by EPAG method and i~  rad ia l  immunodiffusion 
using the s a m e  s tandard  a F P .  Mean values and max ima  and minima shown for each t ime  
af ter  CC14 poisoning. 

Fig. 1. Dynamics  of s e r u m  ~FP concentra t ion in mice  af ter  poison- 
ing with CC14 vapor .  All s amples  of s e r u m  diluted 1 : 8. Dilution of 
an t i s e rum against  o~FP in po lyac ry lamide  gel 1 : 1200. 0, 18, 24, 42) 
Hours  a f t e r  poisoning animal .  
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in the adult o rgan i sm during r egene ra t ion  of the l iver ,  in the acute phase of c l inical  ca rc inogenes i s ,  and during 
tumor  fo rmat ion  in the l iver  has  been d iscussed  in the l i t e r a tu re .  It has  been sugges ted  that  aF1 ~ is synthes ized  
by different ia ted hepatocytes ,  by a ce r t a in  population of these  hepatocytes  only, and, finally,  by immatu re ,  t r a n -  
si t ional  f o r m s  of hepatocytes  [2]. 

The object  of the invest igat ion descr ibed  below was to d i scover  what ce l l s  can  produce  a F P  in the r e g e n -  
e ra t ing  mouse  l ive r  by compar ing  the p ic ture  of a F P  f luorescence  in l iver  sect ions  with the dynamics  of its 
s e r u m  level  in the s ame  animals .  To obtain fur ther  informat ion on the cei ls  a specif ic  hepatocyte  m a r k e r  was 
used: an antigen p resen t  in high concent ra t ions  in those pa r t s  of the i r  sur face  which f o r m  bile cap i l l a r i e s  (BCA) 
[10]. 

E X P E R I M E N T A L  M E T H O D  

Regenera t ion  of the l iver  a f ter  poisoning by CCIt vapor  [4] was studied in male  SWR mice  aged 3-4 
months.  P a r t i a l  hepa tec tomy [12] was p e r f o r m e d  on male  C3HA mice  of the s ame  age. At var ious  t imes  af ter  
these  p rocedures  blood s am p l e s  were  taken f rom the r e t r o o r b i t a l  sinus of the mice  for  de te rmina t ion  of the 
s e r u m  a F P  concentra t ion  by precip i ta t ion  in agar  with a s tandard  t e s t  s y s t e m  [9], by r ad ia l  immunodiffusion 
[13], or by combined e l ec t ropho re s i s  and precip i ta t ion  in po lyac ry lamide  gel (EPAG) [3] (Fig. 1). 

The local izat ion of oWP, BCA, and mouse  "Y-globulin (MGG) was studied in paraf f in  sec t ions  (3 p) through 
the l iver  by the indirect  immunof luorescence  method [16]. P i eces  of t i s sue  were  fixed with a mix tu re  of ethanol 
and acet ic  acid or  acetone at 4~ The technique of p rocess ing  the ma te r i a l  was fully desc r ibed  p rev ious ly  [11]. 

The p repa ra t ion  of mouse a F P ,  purif ied by e l ec t ropho re s i s  in po lyac ry l amide  gel, and the a n t i s e r u m  
against  it [16] we re  obtained f rom A. K. Yazova.  The methods of isolat ing monospeci f ic  antibodies against  a F P  
and ver i fy ing  the i r  specif ic i ty  before  neut ra l iza t ion  with the a F P  p repara t ion  were  desc r ibed  p rev ious ly  [11]. 
Monospecific antibodies against  BCA were  obtained f rom N. I. Khramkova  and T. D. Beloshapkina  [10]. Mono- 
specif ic  a n t i s e r u m  against  MGG was obtained by immunizing r abb i t s  by injecting MGG antigen into the i r  lymph 
nodes (O. M. Lezhneva) .  

The pro te in  concent ra t ion  in the ~FP prepara t ion ,  dialyzed agains t  dis t i l led wate r ,  was  de te rmined  spec -  
t ropho tomet r i ca l ly ,  taking the value of E 1% at 278 nm for  mouse  ~FP to be 4.15 [15]. 

1 c m  

E X P E R I M E N T A L  R E S U L T S  

Changes in the mouse l iver  a f te r  in t raper i tonea l  injection of smal l  doses  of CC14 desc r ibed  in the l i t e r a -  
tu re  [14] were  obse rved  under the p resen t  expe r imen ta l  conditions also.  Between 18 and 24 h a f te r  poisoning 
the hepatocytes  in the cen te r  of the lobule died and up to 50% of the lobule was affected by nec ros i s .  Hepatocytes  
adjacent  to the foci of nec ro s i s  fo rmed  a specia l  zone: They dif fered f rom the r e m a i n d e r  of the pa renchyma 
by containing fewer  vacuoles  and having inc reased  basophil ia  of the i r  cy top lasm.  By the th i rd  to fourth day the 
foci of nec ro s i s  we re  invaded by connect ive t i s sue  and by the fifth to sixth day they had v i r tua l ly  d isappeared .  

Cel ls  containing a F P  were  f i r s t  found 24 h af ter  CC14 poisoning in l iver  sec t ions  f rom a mouse in whose 
blood the ~FP level  was r a i s e d  (Table 1). These  were  so l i t a ry  hepatocytes  with weak f luorescence  located on 
the boundary with necrot ic  foci. On the second day in mos t  mice the number  of hepatocytes  containing aFP  and 
the intensity of the i r  f luorescence  inc reased  sharp ly  (Fig. 2a, b, g, h). The br ighes t  f luorescence  and the 
l a rge s t  number  of hepatocytes  with a F P  were  usual ly  obse rved  on the th i rd  day, but at that  t ime  the i r  number  
did not exceed 5-7% of the total  number  of hepatocytes  (Fig. 2c, d). They were  evidently not uni formly  dis t r ibu-  
ted in the l iver  t issue:  The i r  number  and the intensi ty of the i r  f luorescence  var ied  in sec t ions  f r o m  different  
pa r t s  of the s ame  piece  and f r o m  different  p ieces  of l iver  of the s ame  animal.  On the whole, however ,  examina-  
tion of s e v e r a l  l iver  sect ions  f rom each mouse during the f i r s t  3 days af ter  poisoning showed in mos t  c a s e s  a 
pa t t e rn  of f luorescence  which co r responded  to the a F P  concent ra t ion  in the blood of the s a m e  animal .  Since 
a F P  is p r e sen t  in the blood of an imals  with a r egenera t ing  l iver ,  it had to be es tabl i shed whether  its d i scovery  
in the cel ls  was  due to the i r  penet ra t ion  by s e r u m  as a r e su l t  of injury to the i r  m e m b r a n e s .  For  this purpose~ 
s imul taneous ly  with ~FP ,  the local izat ion of MGG as  a s e r u m  m a r k e r  was de te rmined  in neighboring sec t ions  
[11]. By using sec t ions  3/~ thick it was  poss ib le  to identify the s a m e  hepatocyte  in th ree  or  four succes s ive  
sec t ions .  The overwhelming major i ty  of hepatocytes  with a F P  did not contain MGG and only those ce l l s  were  
counted (Fig. 2). The c h a r a c t e r i s t i c  a r r a n g e m e n t  of hepatocytes  with aFP  was obse rved  in the l iver  r e g e n e r a -  
ting a f te r  CC14 poisoning. In most  mice  they were  found only in the zone of ce l l s  d i rec t ly  adjacent  to the ne-  
c ro t ic  foci (Fig. 2)~ These  ce l l s  poss ib ly  had suffered  sublethal  damage  of the p a r a n e c r o s i s  type [7]. In some 
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Fig. 2. a F P ,  MGG, and BCA in sect ions of mouse  l iver  r egene ra t ing  a f te r  CC14 
poisoning: a, c, e, g) sect ions  incubated with antibodies against  a F P ,  b, d, f} with 
antibodies agains t  MGG, h) with antibodies against  ]3CA. Short  a r r o w s  point to 
s ame  hepatocytes  in two neighboring sect ions ,  a, b, g, h) L iver  sec t ions  48 h, c, d) 
72 h, and e, f} 96 h a f t e r  CCla poisoning. In f r agment  e the th ree  long a r r o w s  on the 
left  point to unidentif ied sma l l  ce l l s  containing ~ F P .  Fixat ion with e t h a n o l - a c e t i c  acid 
(a-f} and acetone (g, h); a, b, c, d, e, f} object ive 20 x ,  homal  3 x ;  g, h) objective 
40 x ,  homal  3 x .  

mice  they were  found both in that  zone and in the pe r ipo r t a l  region.  In some  an imals  hepatocytes  with ~FP 
were  found in the pe r ipor ta l  reg ion  only, c lose  to the t r i ads .  

Judging f r o m  the s ize  of the nuclei ,  hepatocytes  with ~FP belonged to different  ploidy c l a s s e s ,  and they 
included cel ls  with both one and two nuclei.  Exact ly  the s a m e  pa t te rn  of ~FP local izat ion a lso  was obtained by  
the use  of the o ther  f ixat ive,  acetone.  By f ixa t ionin  this  way the local izat ion of ~ F P  and BCA could be de te rmined  s i -  
mul taneously .  T h e r e s u l t s s h o w e d t h a t o n t h e f i r s t 3 d a y s a f t e r p o i s o n i n g h e p a t o c y t e s w i t h a F P  contained this  
specif ic  m a r k e r  of  ma tu re  hepatocytes  on the i r  su r face  (Fig 2}. On the fourth day the number  of ce l l s  contain-  
ing ~ F P  fel l  sharp ly ,  but the re  was a cor responding  inc rea se  in the pe rcen tage  of sma l l  ce l l s ,  mos t  of which 
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Fig. 3. ~FP  in sect ions  of mouse l iver  r egene ra t ing  af ter  par t ia l  hepa tec tomy 
(48 h, fixation with e t h a n o l - a c e t i c  acid): a) incubation with antibodies aga ins t  
~FP,  b) with antibodies agains t  MGG. Objective 20 x ,  homal  3 • 

evidently w e r e  sma l l  hepatocytes ,  although some could not be identified. On the fourth to sixth day p r o l i f e r a -  
t ion of bile ducts was observed ,  and weak f luorescence  of ~FP was found in the cy top la sm of the epi thel ium 
lining some  of them.  By the sixth to seventh day re l i ab le  f luorescence  of c~FP in the hepa tocytes  had usually 
d isappeared ,  weak f luorescence  stil l  r e m a i n e d  in individual smal l  cel ls  and in pa r t s  of the blood v e s s e l s ,  and 
the blood ~FP concentra t ion  was ve ry  low (Table 1). 

During r egenera t ion  of the l iver  in mice  a f te r  hepa tec tomy elevat ion of the blood ~FP level  was detected 
on the second day by precip i ta t ion  in agaro The f i r s t  ce l l s  with ~FP were  found a f te r  48 h, These  a lso  w e r e  
hepa tocy tes ,  usual ly  not the l a rges t ,  and some  contained two nuclei (Fig. 3). 

The l a r g e s t  number  of hepatocytes  with ~FP was found on the th i rd  day in mice  with a high blood ~FP 
concentra t ion,  but in this case  also the i r  number  did not exceed a few per  cent of the to ta l  number  of hepa to-  
cy tes .  On the second to th i rd  day a f te r  the operat ion the location of the hepa tocytes  with ~FP in the lobule did 
not follow any c l ea r ly  recognizable  pa t te rn .  On the fourth day, despi te  the high blood ~ F P  level ,  few hepa to-  
cy tes  with ~FP st i l l  r ema ined ,  and the i r  f luorescence  was weak, and mainly  at the p e r i p h e r y  of the lobutes.  

The main  s i te  of local izat ion of ~ F P  in the r egene ra t ing  l i ve r  of mice  both a f t e r  hep tec tomy and 
a f t e r  CC1r poisoning was thus in typical  mono-  and b inuc lear  ma tu r e  hepa tocytes ,  which accounted fo r  
not m o r e  than a few p e r  cent  of the to ta l  number  of hepatocytes  st i l l  remain ing .  Morphological ly  they 
were  indis t inguishable  f r o m  the main m a s s  of hepatocytes  and they p r e s e r v e d  BCA on the i r  su r face .  The 
change in number  and br igh tness  of the f luorescence  of the hepa tecy tes  with ~FP in the l ive r  sec t ions  during 
the f i r s t  3 days a f te r  poisoning co r re sponded  to the dynamics  of the blood ~FP level  in these  an imals ,  but 
s t a r t ing  f r o m  the fourth day the d e c r e a s e  in the number  of hepatocytes  containing ~FP preceded  the fall in its 
blood concentra t ion.  To de te rmine  whether  hepatocytes  with ~FP a r i s e  as a r e s u l t  of p ro l i fe ra t ion  of noncom-  
petent  p r e c u r s o r s  or whether  they p r e - e x i s t  in the l iver  of adult mice ,  expe r imen t s  were  c a r r i e d  out in which 
mice  with a r egene ra t ing  l iver  we re  given r epea t ed  injections of labeled thymidine.  The r e s u l t s  sugges ted  that  
during r egene ra t ion  of the l iver  in mice  mos t  ~FP product ion takes  p lace  in o rd inary  m a t u r e  hepa tocy tes .  
Other  s t r uc tu r e s ,  in which they also were  found, may poss ib ly  pa r t i c ipa te  in ~FP synthes is  under  these  condi-  
t ions also: smal l  cel ls  in the p a r e n c h y m a  and the epi thel ium of the bile ducts.  It is unlikely, however ,  that  
thei r  contr ibution is decis ive  under the expe r imen ta l  conditions used. Other expe r imen ta l  modes  a r e  r equ i r ed  
to analyze  the i r  ro le  in ~FP synthes is .  
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E F F E C T  O F  P R E C E D I N G  S T R E S S  ON M I T O T I C  

A C T I V I T Y  O F  T H E  R E G E N E R A T I N G  L I V E R  
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For  2 h male  r a t s  were  immobi l ized  14 h or 24 h before  par t ia l  hepa tec tomy.  Some of these  
an imals  r e c e i v e d  subcutaneous injections of theophylline immedia te ly  a f te r  immobi l iza t ion  and 
next  day. Under the influence of s t r e s s  a tendency was obse rved  for mitot ic  act ivi ty of the r e -  
genera t ing  l iver  to be inc reased .  This  effect  was pa r t i cu l a r ly  marked  in r a t s  r ece iv ing  theo-  
phylline additionally.  
KEY WORDS: r egene ra t ion  of the l iver ;  mitot ic  act ivi ty of hepa tocytes .  

Numerous  invest igat ions have shown that  s t r e s s  leads to inhibition of mitot ic  cel l  act ivi ty.  This  has  
been found mainly  by the use of objects  such as the cornea l  epi thel ium. However ,  s t r e s s  does not inhibit but 
i n c r e a s e s  the number  of mi to ses  in the epithel ial  ce l ls  of the c ryp t s  of the smal l  intest ine [2, 3, 5]. It has  a lso  
been found that  the action of a s t r e s s o r  before  par t ia l  hepa tec tomy i n c r e a s e s  DNA synthes is  in the r egene ra t ing  
l iver  [8, 9]. 

The object  of this  invest igat ion was to study the effect  of s t r e s s o r  action preceding  par t ia l  hepa tec tomy 
on mitot ic  act iv i ty  of the r egene ra t ing  l iver  and also to invest igate  the act ion of theophylline,  an inhibitor of 
cycl ic  AMP phosphodies te rase ,  on the r e s u l t  of such s t r e s s .  

E X P E R I M E N T A  L M E T H O D  

Exper imen t s  we re  c a r r i e d  out on noninbred male  r a t s  with a mean weight between 180 and 231 g. The 
an imals  as a whole were  divided into five groups (Table 1). The an imals  of group 1 acted as the control  and 
underwent par t ia l  hepa tec tomy with the r e m o v a l  of about 70% of the m a s s  of the l iver .  The an imals  of the other 
groups  were  immobized  14 or 24 h before  hepa tec tomy for 2 h by fixation to the bench. Some r a t s  immedia te ly  
a f te r  the end of immobi l i za t ion  and a lso  next day (before r e sec t i on  of the l iver)  r ece ived  subcutaneous in jec-  
tions of theophylline solution in a dose of 10 mg/100 g body weight. All the an imals  were  ki l led 30 h a f te r  r e -  
sect ion of the l iver ,  which was a lways p e r f o r m e d  at 3-4  p .m.  P i ece s  of l iver  were  fixed in Ca rnoy ' s  fluid and 
embedded in paraf f in  wax. Sections were  stained by Feu lgen ' s  method. The total  number  of mi toses  and the 
var ious  phases  of mi tos i s  s epa ra t e ly  we re  counted in 100 fields of vision of the mic roscope  (objective 40, ocular 
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o ra to ry ,  Sara tov Medical Inst i tute.  (P resen ted  by A c a d e m i c i a n  of the Academy of Medical  Sciences of the 
USSR A. P.  Avtsyn.) T rans l a t ed  f r o m  Byul le ten '  Ekspe r imen ta l ' no i  Biologii  i Meditsiny, Vol. 82, No. 10, pp. 
1254-1255, October ,  1976. Original  a r t i c l e  submit ted  March 31, 1976. 
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